INTRODUCTION {#sec1-1}
============

Intestinal obstruction (IO) is a common cause of acute abdominal pain. Effective treatment depends on rapid and accurate diagnosis especially for patients who need early operative intervention.\[[@ref1]\]

Diagnosis of bowel obstruction is usually made on the basis of the clinical picture confirmed by plain radiography of the abdomen as the initial investigation.\[[@ref2]\] The plain abdominal X-ray findings of IO of dilated bowel loops and multiple air-fluid levels may not be obvious especially in proximal gastrointestinal tract obstruction.\[[@ref3]\] Contrast studies on the other hand are time-consuming, poorly tolerated, and subject patients to radiation especially in pregnant women.\[[@ref3]\] The increased use of sonography in the initial assessment of patients with abdominal pain has made point-of-care ultrasound a valuable tool for the diagnosis of IO. Sonography is as sensitive but more specific than abdominal X-ray in the diagnosis of IO.\[[@ref4][@ref5]\] Furthermore, it may detect the cause of obstruction and its level.\[[@ref2]\] Repeated scanning is safe and can be used to determine the progress of IO. Point-of-care ultrasound may detect bowel wall necrosis and evaluate the physiological status that can guide the resuscitation of patients with IO.\[[@ref6]\] We review the sonographic findings of IO and the role of using point-of-care ultrasound in the management these patients.

Technique and sonography of the normal bowel {#sec2-1}
--------------------------------------------

It is recommended to start abdominal sonography with a 3.5-5 MHz sector transducer so to have a general overview of the abdomen. For more detailed information, higher frequency transducers (7.5-14 MHz) are used. Color and power Doppler gives information about the blood flow within the wall of the intestine.\[[@ref7][@ref8]\] The patient should be examined in the supine position without special preparation. Scanning of the colon can be performed through its course along the flanks and in the upper abdomen along the midline; for sigmoid colon along the left lower abdomen toward the pelvic cavity; and for the rectum along the midline of the pelvic cavity. Small bowel loops can be scanned in the central region of the abdomen. Bowel loops may contain gas or fluid. These can be displaced by gentle pressure through moving the transducer slowly over the abdomen (graded compression) to squeeze the air away from the region of interest so as to detect any pathology.\[[@ref8]\]

Normally, the bowel appears as a single circular hypoechoic layer (muscle layer) surrounding hyperechoic bowel contents of gas and food particles. The normal thickness of this layer during the contraction stage of peristalsis is 2-3 mm. The hypoechoic normal wall becomes thinner during peristalsis when the bowel is relaxed.\[[@ref8]\]

Sonographic findings of IO {#sec2-2}
--------------------------

Point-of-care ultrasound helps the acute care physician to answer the following questions:

1\) Is the bowel obstructed? 2) What is the type of obstruction (mechanical or functional)? 3) Where is the site of obstruction? 4) What is the cause of the obstruction? 5) Is the bowel necrotic and does the patient need emergency surgery? 6) What is the clinical progress in patients treated conservatively?

The sonographic findings of an obstructed bowel include dilated fluid- filled bowel loops with hyperechoic spots of gas moving within the fluid. The normal small intestine diameter is 3-4 cm while the diameter of the large intestine 4-5 cm.\[[@ref2][@ref5]\] Those dilated loops may show thickened wall (normally up to 3 mm),\[[@ref8]\] thickened vavulae conniventes (normally up to 2 mm), and increased to-and-fro motion of the bowel contents \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref2]\]

![Sonographic section of the central abdomen using a linear probe showing a dilated small bowel (arrow heads) with thickened mucosa and free intraperitoneal fluid (arrow). At laparotomy a segment of the small bowel was gangrenous](JETS-5-84-g001){#F1}

Real-time sonography may differentiate between mechanical and functional IO. The movement of the mechanically obstructed bowel will initially increase but will decrease later with the progress of the obstruction and development of bowel ischemia.\[[@ref6]\] Akinesis of the loop can be detected by absence of bowel peristalsis for more than 5 minutes.\[[@ref5]\] The site of IO is determined by following the course of obstructed bowel by ultrasound probe and by the pattern of valvulae conniventes.\[[@ref2]\]

The transit point is the point between the dilated proximal and collapsed distal bowel loops.\[[@ref2]\] It is important to search for the cause of IO at the transit point. Ultrasound may detect the cause of IO with specific sonographic findings such as: External hernias, intestinal intussusception, tumors, ascariasis, superior mesenteric artery syndrome, bezoars, foreign bodies and Crohn\'s disease.\[[@ref2][@ref7]--[@ref10]\]

A decision for early surgery is one of the most important decisions that point-of-care ultrasound can assist the surgeon with. Sonographic findings suggesting a need for surgery include; intraperitoneal free fluid \[Figures [2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}\], bowel wall thickness of more than 4 mm, and decreased or absent peristalsis in previously documented mechanically obstructed bowel.\[[@ref5][@ref6][@ref11]\] Bowel wall perfusion can be assessed by Doppler sonography\[[@ref1]\] and the presence of free intraperitoneal air indicates bowel perforation. Under ultrasound guidance, aspiration of bloody intraperitoneal fluid may indicate bowel gangrene that needs urgent surgery.\[[@ref12]\] In critically ill patients having IO and a hypovolemic shock, ultrasound can help in the diagnosis and resuscitation of these patients by serial measurement of the IVC diameter \[Figure [3 a](#F3){ref-type="fig"}--[b](#F3){ref-type="fig"}\].\[[@ref13]\]

![A 60-year-old woman presents with a clinical picture of intestinal obstruction. Sonographic section of the lower abdomen using a linear probe (a) showed a dilated small bowel (arrows) with thickened mucosa (M) and fluid-filled lumen (L). The arrow head shows a hyperdense echogenic line within the bowel wall indicating ischemia of the bowel. Coronal sonographic section of the right hypochondrium using a curvilinear probe (b) showed free intraperitoneal fluid in Morrison\'s pouch (arrow). (c) Laparotomy has revealed a gangrenous small bowel loop in the pelvis as a result of a single fibrous band](JETS-5-84-g002){#F2}

![(a) M-mode of the inferior vena cave before and after (b) resuscitation of the patient shown in [Figure 2](#F2){ref-type="fig"}. Notice the obvious variation in the IVC diameter before resuscitation and the increased diameter of the IVC and less variation in the diameter after resuscitation](JETS-5-84-g003){#F3}

Serial ultrasound examinations are safe and can be used to evaluate the progress of IO in patients who are treated conservatively.\[[@ref5]\] Furthermore, ultrasonography can be used to guide the hydrostatic reduction of intussusception in children.\[[@ref7]\]

CONCLUSIONS {#sec1-2}
===========

Ultrasound is a valuable tool in the diagnosis of IO. It can differentiate between mechanical and functional IO. Obstructed bowel loops appear sonographically to be dilated, thickened wall and fluid filled with hyperechoic spots (gas). Acute care physicians performing point-of-care ultrasound following up patients with mechanical IO should know the warning signs of possible bowel ischemia. These are: The presence of intraperitoneal free fluid, bowel wall thickness of more than 4 mm, and decreased or no peristalsis of previously hyperactive bowel.
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